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Abstract 
Space vector modulation (SVM) has received wide acceptance due to many benefits over other 
techniques such as higher output voltages, lower total harmonic distortion (THD), high-efficiency and 
flexible to be implemented in vector control systems. In digital implementation, the SVM equations can be 
optimally computed by eliminate the use of complex forms. In this paper, the simple SVM based on two-
level inverter is employed for higher levels of inverters. This is to retain the simplicity of SVM computation 
for three-level and five-level cascaded H-bridge multilevel inverter (CHMI). Moreover, the proposed 
method utilizes two controller boards to perform high computational workloads and to eliminate glitch and 
error problems. Experiment results show that the THD of output voltage in five-level CHMI gives the 
smallest value among the results obtained from other levels. 
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Voltage source inverters (VSI) have evolved as the most popular power conversion for 
many AC drive applications. The evolvement of VSI is in line with the development of various 
pulse width modulations (PWM) algorithms supported by the advent of solid state switching 
device technologies, fast digital signal processors, field programmable gate arrays (FPGA) and 
microcontrollers. Since a few decades ago, several PWM algorithms were developed to improve 
some performances of VSI such as high-power efficiency [1-2], high-output voltage [3-4], and 
low-total harmonic distortion (THD) [5-6]. Obviously, the research on VSI has not yet come to 
state of saturation, as novel or simplified PWM methods continue to emerge for various topology 
inverter circuits and multilevel inverters [7-8]. Among various modulation strategies or PWM 
methods, the space vector modulation (SVM) technique has received wide acceptance due to 
several advantages such as higher output voltages, lower THD, high-efficiency and flexible to 
be implemented in vector control systems [9-10]. 
The precision on SVM control algorithm is very important to produce desired output 
voltages, especially for high-performance AC drive system. For example, the SVM technique is 
widely adopted in motor drive systems to obtain excellent torque or speed control performance. 
The high degree of accuracy SVM modulator is compulsory to produce proper and desired 
instantaneous magnitude and frequency of output AC voltages. The accuracy performance of 
the modulator can be determined by the reliable design of control algorithm and speed 
computation of processor or controller board. The reliable design of control algorithm depends 
on the way the SVM algorithm is formulated.  
In digital implementation, the SVM equations can be optimally computed if the 
equations eliminate the use of complex forms, e.g. trigonometry functions, exponential terms, 
differential equations and etc. Simplification of control algorithm is necessary for ensuring 
reliable data to be stored and manipulated by the controller and hence allows the computation 
of SVM at higher sampling rate. In the proposed development of SVM, the simple SVM based 
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on two-level inverter is employed for higher levels of inverters. This is to retain the simplicity of 
SVM computation for three-level and five-level cascaded H-bridge multilevel inverter (CHMI). 
Moreover, the proposed method utilizes two controller boards, where each controller has lesser 
tasks or computations that allows it to perform the computational at higher rate; provided that 
the data is digitally transmitted from DS1104 controller board to FPGA using Gray code, which 
eliminates glitch and error problems.   
The evaluation on THD of output voltage and the accuracy of fundamental output 
voltage ଵܸ resulted for every level of inverter is also carried out at modulation index, ܯ௜ ൌ 0.9. 
The simulation results obtained from the evaluation are demonstrated in Figure 1. 
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Figure 1. Simulation and experimental results of phase voltage and its frequency spectrum 
when modulation index ܯ௜ ൌ 0.9 for (a) Two-Level, (b) Three-Level and (c) Five-Level Inverters 
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From this figure, it can be observed that the experimental results are in close agreements with 
the simulation results. Specifically, the patterns of wave shape and frequency spectrum of 
output voltages in the experimental results are similar to that obtained in the simulation results. 
The similarities between simulation and experimental results, allow the results of THD and 
fundamental output voltage obtained via simulation to be assumed similar with that of 
experimental results. The total harmonic distortion of output voltage (i.e. ܽ-phase voltage, ݒ௔௡) in 
five-level CHMI gives the smallest value among the results obtained from other levels. This is 
due to the wave shape of output voltage obtained in five-level inverter for ܯ௜ ൌ 0.9 is closed to a 
pure sinusoidal wave shape, which is expected to have lesser harmonic components. From the 
simulation results, it can also be noticed that the results of fundamental output voltage ଵܸ 
obtained from any level of inverter at ܯ௜ ൌ 0.9 is closed to the calculated value based on (1), 
where the error between the simulation and calculated values is insignificant and approximately 
less than 1 %. 
 
 
 ܯ௜ ൌ ௏భ௏భ,ೞ೔ೣషೞ೟೐೛         (1) 
 
Where the maximum fundamental output voltage produced by the six-step voltage  ଵܸ,௦௜௫ି௦௧௘௣ ൌ
2 ௗܸ௖ ߨ⁄ . 
 
 
References 
[1]  H Abu Bakar Siddique, AP Pai, RW De Doncker. Adaptive switching-loss-optimized space-vector 
modulation for three-level neutral-point-clamped converters. 1-10. 
[2]  A Edpuganti, AK Rathore. Optimal Low-Switching Frequency Pulsewidth Modulation of Medium 
Voltage Seven-Level Cascade-5/3H Inverter. IEEE Transactions on Power Electronics. 2015; 30(1): 
496-503. 
[3]  G Carrasco, CA Silva. Space Vector PWM Method for Five-Phase Two-Level VSI with Minimum 
Harmonic Injection in the Overmodulation Region. IEEE Transactions on Industrial Electronics. 2013; 
60(5): 2042-2053. 
[4]  M Chai, D Xiao, R Dutta, JE Fletcher. Space Vector PWM Techniques for Three-to-Five-Phase 
Indirect Matrix Converter in the Overmodulation Region. IEEE Transactions on Industrial Electronics. 
2016; 63(1): 550-561. 
[5]  S Pramanick, NA Azeez, R Sudharshan Kaarthik, K Gopakumar, C Cecati. Low-Order Harmonic 
Suppression for Open-End Winding IM With Dodecagonal Space Vector Using a Single DC-Link 
Supply. IEEE Transactions on Industrial Electronics. 2015; 62(9): 5340-5347. 
[6]  J Prieto, F Barrero, MJ Duran, S Toral Marin, MA Perales. SVM Procedure for n-Phase VSI with Low 
Harmonic Distortion in the Overmodulation Region. IEEE Transactions on Industrial Electronics. 
2014; 61(1): 92-97. 
[7]  KK Gupta, A Ranjan, P Bhatnagar, L Kumar Sahu, S Jain. Multilevel Inverter Topologies with 
Reduced Device Count: A Review. IEEE Transactions on Power Electronics. 2016; 31(1): 135-151.  
[8]  Z Liu, Y Wang, G Tan, H Li, Y Zhang. A Novel SVPWM Algorithm for Five-Level Active Neutral-Point-
Clamped Converter. IEEE Transactions on Power Electronics. 2016; 31(5): 3859-3866. 
[9]  T Kai, W Jiacheng, W Bin, C Zhongyuan, NR Zargari. A Virtual Space Vector Modulation Technique 
for the Reduction of Common-Mode Voltages in Both Magnitude and Third-Order Component. IEEE 
Transactions on Power Electronics. 2016; 31(1): 839-848. 
[10]  R. V. Thomas, Rakesh E, J. Jacob and Chitra A. Identification of optimal SVPWM technique for diode 
clamped multilevel inverter based induction motor drive. IEEE International Conference on Electrical, 
Computer and Communication Technologies (ICECCT), Coimbatore. 2015: 1-6. 
